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Origin of eukaryotic cells:
was metabolic symbiosis
based on hydrogen the
driving force?

In a recent TiBS article, Lopez-Garcia
and Moreira! discussed various
hypotheses for the origin of eukaryotic
cells. They concluded that the ancestral
eukaryotic cell arose as a result of
metabolic symbiosis (syntrophy)
between a d-proteobacterium, which
generated hydrogen and CO, as waste
products, and a methanogenic
archaebacterium, which depended on
these products for its metabolism.
Certain points made in this article are
misleading and others need to be
critically examined.

The authors focussed on two similar
hypotheses proposed by them!? and
Martin and Miiller’. However, they did
not give due credit to other authors for
proposing a chimeric-symbiotic origin of
the eukaryotic cell, which involved an
archaebacterium and a eubacterium*'1,
In an article published in TiBS (Ref. 10),
we clearly indicated that this chimera
resulted as a consequence of symbiotic
association between these two groups of
prokaryotes. This article also presented
molecular evidence in support of the
model on the basis of the observed
duplication of genes for the molecular
chaperone proteins Hsp70 and Hsp90,
which took place at a very early stage
(i.e. the formation of endoplasmic
reticulum and nuclear envelope) in the
formation of the eukaryotic cell®12, We
referred to the process leading to the
formation of the eukaryotic cell as
‘primary fusion’*!3, to emphasize the
fact that the formation of the eukaryotic
cell led to a complete integration of
the genomes, as well as other
characteristics of the two fusion
partners!%. The end result in this case
was very different from other
endosymbiotic events that led to the
formation of mitochondria or plastids,
which resulted in cells with host plus
endosymbiont phenotypes*!314, The
primary fusion event that we proposed
was not fundamentally different from
the symbiotic event proposed by
Lopez-Garcia and Moreiral? and by
Martin and Miiller?, except in its
name.

The notion that the ancestral
eukaryotic cell is a chimera with major
gene contributions from both an
archaebacterium and a Gram-negative
bacterium is now receiving increasing
support>8-10.15-19 'What is the nature of
the driving or selective forces that led to
the initial association and eventual

integration of these two widely different
groups of prokaryotes to form a new
kind of cell? Lopez-Garcia and Moreiral?,
and Martin and Miiller? proposed that
the driving force for this association
between a methanogenic
archaebacterium and a proteobacterium
is the metabolic symbiosis (or
syntrophy) based on hydrogen. They
favor this view on the basis of the
widespread symbiotic association
observed between these two groups of
prokaryotes in nature®. If this is the
case, it is very difficult to envisage why
this sort of symbiosis did not lead to the
formation of eukaryotic-like cells on
numerous independent occasions, and
why in the biotopes, where such
syntrophy is observed, eukaryotic cells
at different intermediate stages of
formation are not found. Their proposal
is thus at variance with the strong and
apparently incontrovertible evidence,
based on different molecular sequences,
that all extant eukaryotic species are
derived from a common ancestor!?,
which indicates that the formation of the
eukaryotic cell was a unique event that
took place only once in the history of
life.

There are several other observations
that argue against the hydrogen
hypothesis as the driving force.

(1) In all well-established cases of
endosymbiotic association (viz.
formation of mitochondria and plastids),
the metabolic processes that formed the
basis of the symbiotic association were
retained in the resulting organisms*13,
However, eukaryotic organisms have not
retained any genes for methanogenesis
that are proposed to be central to their
origin.

(2) The proteobacterial division has
now been indicated to have evolved
much later than cyanobacteria'*?!, which
indicates that the proposed symbiosis
took place in a largely oxygenic
atmosphere. The symbiotic association
between an anaerobic, hydrogen-
producing bacterium and a strictly
anaerobic methanogenic
archaebacterium, which should produce
an anaerobic organism, would be at a
great selective disadvantage under
oxygenic conditions.

(3) The proposal provides no rationale
as to why various genes for the
information transfer processes were
retained from the archaebacterial
partner.

(4) Molecular sequence data indicate
that among archaebacteria, the eocyte
group of archaebacteria (i.e.
thermoacidophillic) and not the
methanogens are the closest relatives of
eukaryotes!*?2,

Thus, the possibility that metabolic
syntrophy based on hydrogen was the
main driving force that led to the origin
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of eukaryotic cells is counterindicated.
An alternate proposal for the formation
of the eukaryotic cell based on
antibiotic selection pressure and
oxygen-sensitivity has been proposed!,
which can account for the uniqueness of
the fusion event and the close similarity
seen between archaebacteria and
eukaryotes in their information transfer
processes.
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